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When the plasma profiles are fixed, the density 
dependence of the energy confinement time, i.e., 
'( oc (n / P)()_r. or '! ex: (n / p)lI.5 can be interpreted by 
E ~ E e 
the gyro-Bohm local heat conduction as X ex: T,,/2 or the 
Bohm as X oc T, respectively. The favorable density 
dependence observed in LHD is of importance with the 
prospect of net current-free plasmas with high 
confinement and high ~ due to high density operation. 
Although confinement improvement by shifting the 
magnetic axis inward has been demonstrated in previous 
work, saturation of the energy confinement time with the 
increase in density has been observed in gas-fueled 
NBI-heated plasmas, particularly, with this inward shifted 
configuration with R(u=3.6 m. The saturation or 
degradation of confinement is distinguished in the density 
ramp-up phase by gas-puffing in a single discharge with 
Rux=3.6 m (see Fig.l). The line averaged density is 
doubled from t = 1.5 s to 4.0 s, however, the stored energy 
and the energy confinement time do not change . The 
improvement factor on ISS95 is degraded from 1.6 to 1. 
The ratio of the radiation power to the absorbed power 
increases from 16 % to 22 %. Although temperatures 
decrease with the increase in density, the ratio of decrease 
of electron temperature is more distinguished in the center 
than in the edge . Excess gas-puffing to increase density 
shrinks the plasma and consequently degrades the 
performance; however, the saturation of the energy 
confinement has been found well below this condition. 
The saturated state can be sustained in a quasi-steady state 
and radiation loss does not play an essential role. The high 
density operation prevents the deep penetration of 
tangentially injected neutral beams and heat deposition 
moves from the core to the periphery. This tendency is 
emphasized with the inward-shifted magnetic axis due to 
the tangent radius of 3.7 m of the NBI beam lines and the 
broad density profile due to gas-puffing particularly in the 
ramp-up phase. The local heat transport is investigated for 
time slices in the density ramp-up phase with Ku=3.6m. 
Although the density dependence going as '( E oc nl'°_r. is 
lost completely, the local heat conduction coefficient 
shows a clear temperature dependence with the power of 
1.0 to 1.6 (see Fig.2). Although the discussion whether 
Bohm or gyro-Bohm it is requires clarification of the 
dependence on the magnetic field strength, the essential 
point is that the apparent contradiction between the global 
confinement and the local transport can be attributed to the 
change of the heat deposition profile. 
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Fig. I Waveforms of the discharge with density ramp-up. 
The working gas is hydrogen. Top:Stored energy 
and line averaged density. 2nd:Absorbed power of 
NBI, total radiation power, and H a emission. 3rd: 
The electron temperatures at the center and p=O.9 
measured by the multi-channel Thomson scattering 
system, and the ion temperatures measured by the 
crystal spectrometer (Ti XX/). Bottom: Energy 
confinement time and improvement factor on ISS95. 
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Fig.2 Temperature dependence of thermal diffusivity 
aT TWO pabll ocp p=O.5 (open circles) and?p=O.9 
(solid circles) derivedfrom the power balance 
analysis of 5 time slices. 
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